Abstract This research uses multi-level modeling to investigate the context of unprotected sex of homeless women. Based on interviews with 429 randomly selected women living in temporary shelter settings in Los Angeles, this project investigates multiple levels of influence on unprotected sex with particular partners. Previous studies have investigated condom use of homeless women primarily at the individual level. This project investigates unprotected sex at the level of the partnership, the individual woman, and her social network. Homeless women who believe in the efficacy of condoms to prevent HIV infection, believe that they have low susceptibility to HIV and have a greater proportion of their non-sex partner social network ties with whom they speak about HIV are less likely to engage in unprotected sex. Women are more likely to engage in risky sexual behavior in relationships in which they have high commitment to their partner and experience physical violence.
Introduction
One of the leading causes of death for women of reproductive age is acquired immunodeficiency syndrome (AIDS) [1] . Certain groups of women are disproportionately affected by HIV/AIDS, including women of color and homeless women [2, 3] . The greatest cause of these infections among women is high-risk heterosexual sex, which is estimated at 80 percent of reported cases [4] . Women are at higher risk of contracting HIV from heterosexual intercourse than men because of their greater likelihood of engaging in unprotected sex with an infected partner [5] . Impoverished women, in particular homeless women, are at even greater risk due to high rates of risky sexual behavior and substance abuse [6] [7] [8] . In a recent probability sample of sheltered homeless women in Los Angeles County, 19% engaged in unprotected sex with casual partners, 31% drank heavily, and 48% used illicit drugs in the past year [9] .
The elevated risk of becoming infected by HIV for impoverished women through heterosexual sex emphasizes the importance of continued research that uncovers and explains factors leading to homeless women's use and nonuse of male condoms. A focus on impoverished women's use of male condoms is important because condoms remain the most effective method against the spread of HIV and heterosexual intercourse is the primary means of HIV transmission for women [10] . Understanding the factors that contribute to greater condom use among impoverished women is needed in order to design interventions that are successful at increasing condom use in this population and ultimately slowing the spread of the HIV epidemic.
Factors that predict unprotected sex have been studied for decades, in many populations, using a variety of analytic approaches and focusing on a broad range of different types of variables [11] . Some of the most commonly studied predictors of unprotected sex that may be particularly relevant to impoverished women include perceptions of the riskiness of partners, [12] psychological factors, such as positive or negative attitudes about condoms [11] , and perceived susceptibility of getting HIV [13] . The potential influence of drug and alcohol use on risky sexual behavior is another active area of study, although results have been mixed. Some studies suggest that alcohol misuse or drug use increases the likelihood of high-risk sexual behavior by reducing behavioral inhibitions and risk perceptions [14] [15] [16] [17] . Alternatively, alcohol or drugs may deliberately be used prior to sex to provide an excuse for engaging in highrisk behavior or to reduce conscious awareness of risk, [18] [19] [20] or because these substances are believed to enhance sexual arousal and performance [14, 18, 21, 22] . Other studies have found no association between alcohol use and condom use [23] [24] [25] .
A growing area of study is the effect of interpersonal relationships on the use or non-use of condoms in heterosexual sex. Recent research has shown an association between unprotected sex and social network factors. For example, the perception of risky sexual behavior as normative and a lack of communication about HIV and condom use among social network members have been shown to result in ignorance about protective behaviors and subsequent engagement in risky sex [26] . Latkin et al. [26] also have shown that more connections among social network members (density) is, by itself, a predictor of unprotected sex. They argue that this finding suggests that density contributes to a ''spiral of silence'' in which discussion or adoption of novel behaviors is discouraged because they are perceived as threatening and disruptive. Other studies of sexual relationships have found associations between consistent condom use and the risky characteristics of the sex partner, such as injection drug use, having had sex with men, and being HIV? [27] , characteristics of the relationship such as age difference between women and their sex partners and the type of relationship with the partner (casual vs. primary) [28] , the level of commitment to the relationship [29] , and the amount of violence and sexual coercion that women experience in their sexual relationships with men [9, 30] . Several studies have discussed the need to better understand the association between romantic partnership relationship dynamics and condom use, especially the contradiction between desires for close, intimate partnerships which require assumptions about trust and fidelity, and protective behaviors, which imply distrust and infidelity [31] [32] [33] .
Although a growing number of studies have focused on the relationship aspect of unprotected sex, most of the research on risky sexual behavior has investigated risky sex as a characteristic of individuals. Even studies that have focused on relationships often explore associations between variables that summarize an individual's multiple relationships or focus on one relationship at a time [29] . However, unprotected sex is an aspect of relationships and characteristics of these relationships influence condom use. Also, individuals have a variety of numbers and types of relationships. Therefore, summarizing data across relationships or focusing on one partner at a time suggests a loss of information that may be essential in understanding variation in unprotected sex. Despite this loss of information, investigations of unprotected sex are dominated by analysis designs that focus on individuals. This emphasis on the individual level of analysis is common throughout social science despite the fact that many research questions are actually about relationships between individuals rather than independent individuals. Kenny et al. [34] suggest that one possible explanation for this limited analytic approach to relationship centered research is that traditional research methods used in the social sciences, such as ANOVA or multiple regression, make an independence assumption. Therefore, in order to use these methods, researchers must either summarize relationship information on the individual level, which loses information, or they must analyze relationships, which would break the independence assumption because multiple relationships would be nested within individuals.
Kenny et al. [34] also recommend methodological alternatives to either ignoring non-independence or losing analytic power by summarizing information at the individual level. One recommendation is to use multi-level modeling (MLM) to estimate data that come from multiple dyads nested within individuals. MLM allows for investigation of variables at different levels of analysis. This approach has had limited use in the condom use literature. For example, Sherman and Latkin [35] investigated condom use among drug users and their sex partners. They found that condom use differed based on characteristics of relationships between members of a sexual dyad (financial inter-dependence, living together) as well as characteristics of individuals (being HIV?). Another study of women attending urban clinics used an MLM approach to demonstrate the relationship between partner type (regular and intimate partnerships) and unprotected sex [16] . To the best of our knowledge, no prior study has used an MLM design to explore factors associated with consistent condom use among homeless women and their partners.
In this study, we address the need for greater understanding of the factors that predict unprotected sex between impoverished homeless women living in Los Angeles County, California, and the sex partners that they identified through a social network interview that generates personal network data for a sample of focal individuals [36] . We use a one-to-many analysis design to account for the ''assortative mating'' type of non-independence that is inherent in AIDS Behav (2010) 14:960-973 961 data collected through personal networks [37] . We use these data collection and analytic techniques to address the following hypotheses generated through our review of the literature on factors that predict unprotected heterosexual sex. First, we expect that characteristics of women's attitudes about condoms and HIV will be associated with their engagement in unprotected sex: if women believe that condoms are effective and that they are in danger of becoming infected by HIV [11, 27] , they will be more likely to use condoms consistently. Perception of the riskiness of their partners is expected to be associated with women's condom use: if women perceive their partners as being risky, they will be more likely to use condoms [27] .
In addition, we expect that relationship characteristics will play a part in women's unprotected sex with these partners: more commitment to the relationship [29] , the existence of violence in the relationship [30, 33, 38] , receipt of tangible support [39] , lengthy relationships [5, 40, 41] , age difference between women and their partners [16] , frequency of co-occurrence of drugs or alcohol and sexual intercourse by either the women or their partners [14, 15, 17, 28] and higher frequency of sex with the partner [42] are each expected to be associated with a higher likelihood of unprotected sex. Finally, we expect that characteristics of women's social networks will play a role in influencing their risky behavior: women are expected to be less likely to use condoms consistently with their partner if risky sex is normative among their network members [26] , if women are not discussing HIV with their social networks [26] , and if these networks are very densely connected [26] .
Methods

Participants
Participants in this study were 445 women who were randomly sampled and interviewed in temporary shelter settings in the central region of Los Angeles County for a study of the social context of substance use and sexual risk [43] . Women were eligible if they were at least age 18, had vaginal or anal sex with a male partner in the past 6 months, spoke and understood English as their primary language, and did not have significant cognitive impairment. A small number of the women who were screened were found to be ineligible due to language (18 out of 1,080 women sampled). Of the 472 women who screened eligible for the study, 451 women were interviewed. Of these 451 women, 5 women were later found to be ineligible because they reported having had only oral sex with a partner in the past 6 months, and one woman had completed only half of the interview. Six women were therefore excluded, leaving a sample size of 445 women and a response/completion rate of 94% (445/472 
Sampling Strategy
Women were sampled from facilities with a simple majority of homeless residents (persons who would otherwise live in the streets or who sleep in shelters and have no place of their own to stay). Because of the difficulty in measuring homelessness-in particular measuring it with a pointprevalence indicator-women sampled from these facilities were not initially screened for homelessness on an individual basis [44] . Our goal was to achieve a sample of women representative of those with precarious housing situations living in the diverse array of temporary shelter settings available within Los Angeles County. For the purposes of this study, we consider these women homeless. Seventy-Three percent of the women sampled indicated that they currently did not have a regular place to stay (e.g., own house, apartment, or room, or the home of a family member or friend) and 90% indicated that they had previously stayed in a homeless setting (e.g., mission or homeless shelter, the street) because they had no regular place to stay. Potentially eligible settings were those that provided temporary shelter: emergency shelters; transitional living facilities; detox centers; rehabilitation centers; mental health facilities; and HIV/AIDS transitional homes in the study area. We excluded facilities that limit services to persons less than 18-years-old, facilities that only serve men, domestic violence shelters, SRO and board-and-care hotels, facilities whose population was not majority homeless and whose average resident length of stay was more than 1 year. Women were drawn from 52 eligible facilities in Los Angeles County and selected by means of a stratified random sample, with shelters serving as sampling strata. Half (26) of these facilities were transitional housing programs, 27% (14) were emergency shelters, 17% (9) were residential substance abuse treatment facilities and 6% (3) were transitional housing sites that offered limited emergency shelter services. A strict proportionate-to-size (PPS) stratified random sample (i.e., sampling a fixed proportion of the population from every facility) would have been overly burdensome on the larger facilities. Thus, small departures were made from PPS and corrected with sampling weights.
Study Design: Personal Networks
The analysis for this study was conducted on a sample of recent sexual relationships which was generated through a personal network interview with the sampled women. One of the primary goals of the study was to understand the social factors that contributed to homeless women's risk behaviors through the collection and analysis of detailed personal network data. Social networks are naturally occurring groups within which members (also termed, ''alters'') may influence each other's behaviors through social comparison processes, social sanctions and rewards, information exchange, and socialization of new members [45, 46] . A ''network'' formally refers to the ties that connect a specific set of alters [47] [48] [49] . Personal networks encompass the ties that surround a single focal individual, in this case, a homeless woman [36, 50] . Homeless women's personal networks and, in particular, the alters who were determined to be recent sex partners, are the focus of this paper.
We followed established procedures for conducting personal network interviews [36, 50, 51] . Personal network interviews are typically divided into three sections: questions designed to generate the names of people in the respondent's social network (network alter), questions about each alter (network composition), and questions about the relationships between each unique pair of network alters (network structure). First, in the Alter Name Generation Section, we asked respondents to name, by first name or nickname only, 20 individuals that they knew, who knew them, and with whom they had contact sometime during the past year or so. Contact could be face-toface, by phone, mail or e-mail. We asked respondents to name only adults age 18 or older. These names were then used in the second section, Alter Composition, which required women to answer a series of questions about each alter, including their background characteristics, behaviors, and relationship with the respondent. Third, in the Network Structure section, for each unique pair of network alters, we asked how often these two people interacted with each other. To reduce respondents' burden [52, 53] , most of the questions in the Alter Composition section were asked of 12 alters selected via a stratified probability sample from the 20 named alters. The Network Structure section was asked only for the 12 sampled alters. The 20 named alters were stratified into sex partners and non-sex partners, and sex partners were sampled with a higher probability (or with certainty if the respondent reported 4 or fewer sex partners). We stratified by sex partners to accommodate goals of the project, which included obtaining an understanding of sexual risk behaviors [43] . The composition and structure measures that are computed on the 12 selected alters are weighted to account for the differential sampling probabilities [52] .
These personal network interview procedures provided data for a multi-level analysis of sexual risk behaviors. In order to measure the inherent relationship characteristic of unprotected sex, while also recognizing the individual level contributions to consistent condom use, we analyzed data at two levels of analysis. At the highest level (level 2, respondent level), we analyzed variables measuring the woman's demographic characteristics, attitudes about condoms and HIV, and social network composition and structure. At the lowest level (level 1, partner/relationship level) we analyzed variables measuring partner characteristics and characteristics of the relationship between the woman and her partner. Also at the lowest level is the dependent variable, unprotected sex with a particular partner.
Measures
Level 1 Variable: Partnership/Relationship Variables
Unprotected sex with the individual partner, the dependent variable in the multi-level logistic analyses, was derived from an item asking how frequently women used male condoms when they had sex with the partner during the past 6 months (never, less than half the time, about half the time, more than half the time, always). Responses were dichotomized as: 0 = always used condoms vs. 1 = ever engaged in unprotected sex.
Perceived partner risk was assessed by three separate items asking whether the partner had ever injected drugs, been told he was HIV positive, or had sex with a man. If a woman said yes to one of these items, the variable was given a value of 1. If she said either no or did not know, the variable was given a value of 0. Women were also asked their age and the age of each partner in order to construct a variable indicating if the partner was older than the woman (0 = no, 1 = yes).
Partner characteristics were assessed in terms of partner type, relationship length (in months), support and conflict, and emotional closeness. Women were asked whether the partner was a current sex partner (yes, no) and whether they would describe the partner as primary (''like a husband, boyfriend, or other 'steady' partner''), casual (''not steady like a boyfriend or husband, but instead is more casual, like once-in-a-while, 'in the moment,' or maybe 'just for fun'''), or need-based (''someone a woman has sex with because she needs money, food, a place to stay, drugs, or something else''). Partners who were classified as need-based were not included in this study because many of the relationship variables were missing. Support provision during the past 6 months was assessed by an item, adapted from a measure developed by Sherbourne and Stewart [54] , which has been used in previous studies of homeless persons [55, 56] : how often he provided her with needed food, money, clothes or a place to stay (tangible support). Relationship conflict was measured by a single item asking how often the respondent had gotten into arguments with, or gotten angry or upset with, the partner during the past 6 months. The support and conflict items were rated on a 4-point scale (1 = never to 4 = often).
Frequency of intercourse with the partner during a typical month (in the past 6 months) was rated on a 7-point scale: never, once a month or less, 2-3 times per month, once a week, 2-3 times per week, 4-6 times per week, every day. This value was converted to the number of days per month on which they had sex (using 0, 1.1, 2.6, 5.5, 12.2, 21.7, 28.8, respectively) according to procedures used in our previous work on the sexual behavior of homeless women [29] .
Relationship commitment was assessed with a five-item relationship commitment scale used in previous work with homeless women [29] (alpha = .85). Women were asked how much they agreed or disagreed (strongly disagree = 1, strongly agree = 4) with a series of statements characterizing their relationships. Statements included, ''Your life would be (was) very disrupted if (when) this relationship ended,'' and ''You are (were) extremely committed to this relationship.'' This scale was developed by Castañeda [57] and used in modified form in previous studies of romantic relationships [58, 59] .
Relationship abuse was assessed in terms of whether physical or psychological abuse had ever been perpetrated by the partner. Based on items from the Revised Conflict Tactics Scale [60] , women were asked a single question about whether the partner had ever: punched or hit her with something that could hurt like a fist or other object, choked or burned her, beat her up, kicked or bit her used a knife or gun on her, threw her against the wall, or something like that (yes/no). Psychological violence was assessed using five items from the Psychological Maltreatment of Women Inventory [61] asking whether the partner had ever treated her as stupid or inferior, swore at her, made her feel unsafe, or tried to keep her from doing things to help herself, or made her tell him where she had been and what she had been doing (yes/no). After exploratory analyses revealed that most relationships with physical abuse also had psychological abuse, and there was no variance in the outcome variable in the small number of relationships with physical abuse but not psychological abuse, two dichotomous relationship abuse variables were constructed to act as dummy variables in the multivariate analyses: physical abuse (1 = yes, 0 = no) and non-physical psychological abuse (1 = yes, 0 = no). In multivariate models, these dummy variables were compared to the reference group of relationships with neither physical nor psychological abuse.
Ability to refuse unwanted sex was assessed by three items, modified from the Refusal Assertiveness subscale of the Sexual Assertiveness Scale [62] , that ask women how likely it would be that they could refuse to have sex with their partner in situations where he wanted to have sex, but she did not (alpha = .87). A 3 on this scale indicates that the woman always considered it unlikely that she would have sex with this partner when she did not want to have sex with him while a 9 indicated that she always considered it very likely.
Substance use before or during sex together in the past 6 months was assessed with four items: how frequently she used drugs, he used drugs, she drank alcohol, and he drank alcohol (1 = ''never'' to 5 = ''always'') prior to or during sex between the respondent and the partner.
Level 2 Variables: Respondent Level Variables
Demographic variables included age (continuous), high school graduate or GED (vs. not), race and ethnicity, currently employed (vs. not), and currently pregnant or tried to become pregnant in the past 6 months (vs. not).
HIV-related attitudes included attitudes toward condoms and perceived susceptibility to HIV. Condom attitudes were assessed using an 8-item scale adapted by Bogart et al. [63] from the condom attitude scale originally developed by Brown [64] . Each item was rated on a 4-point scale (1 = strongly disagree to 4 = strongly agree; alpha = .73), with higher scores indicating more positive beliefs about condoms. Perceived susceptibility to HIV was assessed with a single item: ''It would be easy for you to get the HIV infection or AIDS'' (1 = strongly disagree to 4 = strongly agree [65] .
Network characteristics. We assessed women's perceptions of normative behaviors, lack of communication about undesirable behaviors, and densely connected networks because these have been associated with risky sexual behavior in previous research [26] . To measure normative risky behavior in the women's social networks, women rated how likely each of their network alters were to have done any of the following things in the past 6 months: had multiple sex partners, had sex with someone they did not know, or did not use a condom with a new partner (1 = unlikely, 2 = somewhat likely, 3 = very likely). To address communication about HIV and AIDS, women were asked, for each sampled alter, if they had talked with that person about the risk of getting HIV or AIDS during the past 6 months. From this information we calculated for each respondent the percent of non-sex partner alters who were perceived to be somewhat likely or very likely to have engaged in risky sex, and the percentage of non-sex partner alters with whom the respondent had discussed the risk of getting HIV/AIDS.
To address the amount of connections among network alters, we calculated the density of the network of alters based on the respondent answering ''yes'' or ''no'' to a question about whether each unique alter-alter pair had contact with each other in the past year. Density is an index that represents the proportion of ties that exist in a network relative to the total number of possible ties, and varies from 0 to 1. Thus, for a binary sociomatrix X (of size g 9 g), where each (i, j) cell represents the presence or absence of a relationship between network member i and network member j, density is the sum of all entries in the matrix divided by the total number of cells in the matrix, minus the elements/cells/entries on the diagonal:
When applied to respondents' overall personal networks, this measure provides information about the degree of interconnectedness among the alters in a network.
Data Analysis
The goal of the data analysis was to produce a logistic multi-level model predicting a dichotomous measure of unprotected sex with the one-to-many personal network design described in Snijders et al. [37] and Kenny et al. [34] . In order to reduce the large number of potential predictors of unprotected sex into a parsimonious model to test our hypotheses, we conducted preliminary exploratory analyses prior to constructing a full multilevel model of risky sexual behavior. We first constructed a list of potential predictor variables at the individual and partner/relationship level. We ran correlation tests among variables at the same level to explore associations and eliminated some potential predictor variables because they were highly correlated with other predictor variables. We then explored the strength of association between variables at the same level of analysis and unprotected sex. We used the ''gllamm'' procedure in Stata 9.2 [66] with a binomial family, and a logit link to test two different models using the dichotomous unprotected sex variable as the outcome variable. One model included all of the respondent level variables as predictor variables and the other included all of the relationship/partner level variables as predictor variables. We dropped variables that did not have an association with unprotected sex at P \ .10 from future models.
Once we developed a more parsimonious list of variables, we constructed additional gllamm models that retained demographic variables as controls. We explored significant associations between blocks of similar variables and unprotected sex. The five blocks of variables included variables measuring characteristics of the partner, characteristics of the relationship between the respondent and the partner, variables measuring drug and alcohol co-occurrence during sex between the respondent and the partner, respondent level attitudes about condoms and HIV, and respondent level social network variables. Once each of these models was run, a final gllamm model was constructed from the blocks of variables that had at least one variable associated with unprotected sex at P \ .05. Table 1 describes the characteristics of the women interviewed in this study, as well as the number of cases with data for the variables listed. Any variation in sample size is due to missing values for the particular variables. The women were on average 36.5 years old and were ethnically mixed (41% African American, 23% Hispanic, 26% White, and 10% another ethnic group or identified with multiple groups). Two-thirds of the women had a high school diploma or GED, 27% were employed during the past 6 months, and 17% were pregnant or tried to become pregnant in the past 6 months. In general, women tended to have positive attitudes towards condoms (averaging 3.1 on the 4 point condom attitudes scale) and 38% strongly or somewhat agreed that it would be easy for them to become infected with HIV/AIDS. Nearly 4% of women had been told or had other reason to believe that they had HIV or AIDS. On average, the women's social networks had a density of .29 (with potential scores ranging from 0 to 1), 27% of their network members were perceived as engaging in risky sex, and 10% of their network members had discussed the risk of getting HIV or AIDS with the respondent.
Results
The 429 women who were interviewed and had at least one recent, non-need based partner discussed a total of 610 recent casual or primary sex partners. Sixty-seven percent (289) had one of these types of partners while 33% discussed from 2 to 5 different partners. Table 2 describes the characteristics of their primary and casual partners and their relationships with them. The majority (61.6%) of recent non-need based partners were considered primary partners while the remaining were classified by women as casual partners. Over half of the partners were older than the women and a low percentage of partners were either HIV?, injection drug users, or had sex with a man. The majority of partners provided women with tangible support AIDS Behav (2010) 14:960-973 965 at least some of the time. Women had frequent arguments with 23.8% of their partners and had experienced physical abuse from 16% of these partners. In 95% of the relationships with physical abuse, women were also psychologically abused. Women reported being psychologically abused but not physically abused in 31% of all relationships. On average, women had sex with these partners 6.2 times in a typical month and partners rated an average of 5.1 on the sexual refusal scale. Women's relationships lasted, on average, 2.27 years and women rated their relationships an average of 12.2 on the 20 point relationship commitment scale. In most of the relationships, women indicated that they and their partners ''never'' drank or used drugs prior to or during sex. However, there were many relationships in which both the women and their partners ''always'' drank (11.8 and 14.6%, respectively) or used drugs prior/during sex (18.8 and 18.7%, respectively). Table 3 shows the results of the preliminary multilevel models with blocks of similar variables. Each block was run as a set of predictors of unprotected sex with a particular partner, controlling for a set of the respondent's demographic characteristics (age, race/ethnicity, years of education, employment status, and pregnancy status). Variable blocks measuring substance use prior to sex and partner characteristics did not produce any variables that were significantly associated with unprotected sex. Variable blocks measuring relationship characteristics, HIV and condom attitudes, and social network characteristics each had at least two different variables that were significantly associated with unprotected sex. Because no variables in the partner characteristic block or the co-occurrence of drug/alcohol use and sex block had a P value below .05, these blocks were dropped from further analysis. Table 3 also shows the results of the final multivariate model containing each of the blocks with significant variables from the initial analyses. There are several variables that predict unprotected sex with a particular partner. At the relationship level, unprotected sex was significantly more likely with partners who had been physically abusive and with whom the respondent reported a higher level of relationship commitment. At the individual level, both holding less positive beliefs about condoms and feeling more susceptible to becoming infected with HIV were associated with higher likelihood of unprotected sex with a particular partner. The only social network characteristic that was a significant predictor of unprotected sex was the percentage of the respondent's social network with whom the respondent had discussed the risk of getting HIV or AIDS. The more people the respondent spoke with about HIV/AIDS, the lower the probability that she engaged in unprotected sex with a partner. Frequency of conflict with the partner and network density were no longer significantly associated with unprotected sex in this final model.
Discussion
Our findings show that there are likely multiple influences on unprotected sex and that these influences occur at the level of the relationship, the individual, and the social network. These findings have implications for those who design public health programs that aim to reduce unprotected sex among homeless women. It is important to understand the various levels of influence in combination in order to make decisions on where and how to direct resources towards reducing unprotected sex for this population. Evaluating the multi-level findings of this study in conjunction helps us to view this complicated issue of unprotected sex from various perspectives to develop a three dimensional picture of why homeless women may be at risk for being infected by HIV. For example, on the individual level, we hypothesized that cognitive precursors of condom use were believing that HIV was a threat and believing that condoms were useful in counteracting this threat. Confirming earlier research, we found support for the hypothesis that a belief in the effectiveness of condoms is negatively associated with unprotected sex [11] . However, we also found that women who felt that they could be easily infected by HIV were actually more likely to engage in unprotected sex. These findings are similar to another study of risky sexual behavior of homeless women in which greater perceived susceptibility was significantly associated with more risky behavior (multiple sex partners) [38] . On the relationship level, we hypothesized that women would be more likely to engage in safer sexual practices if they knew their partners were engaging in risky behaviors. In contrast to previous studies [67] , none of the partner risk variables predicted risky sex. The implication of these findings is that women who are engaging in unprotected sex with risky partners appear to realize that they are at risk from their partners while women who are using condoms believe that they are protecting themselves against HIV. This finding is important because it suggests that making homeless women more aware of risky behaviors or risky characteristics of partners may be necessary but not sufficient components of interventions aimed at reducing unprotected sex. It is important to better understand why homeless women have unprotected sexual relationships when they realize the risks associated with this behavior. A key to understanding unprotected sex appears to be a better understanding of the association between condom use and relationship commitment. Our data supported our hypothesis that greater relationship commitment would be associated with unprotected sex, confirming a number of previous studies [29, 33] . Findings from prior qualitative research with low-income women about unprotected sex may shed some light on the association between relationship commitment and unprotected sex. In a pilot phase of this study, we conducted semi-structured interviews about sexual events with a sample of 28 homeless women in Los Angeles [68] . Women interviewed in this preliminary study described recent sexual events in which they engaged in unprotected sex. When probed for explanations of why they did not use condoms in these situations, women described feeling strong emotional bonds with their partners and sometimes said that they had enough trust in their partners' fidelity to not use condoms, even when they had no specific justification for that trust and admitted that they were taking a risk. On the other hand, women also said that using condoms was sometimes a sign that they either did not trust the men or that they themselves were not trustworthy. These findings are similar to another recent study of low income women who described reasons for unprotected sex in focus groups [32] . The women interviewed in this study described unprotected sex as related to their fears of losing a relationship with men on whom they depended and about whom they were ''obsessed.'' They also described not wanting to think about the possibility that their partners were unfaithful and how asking them to use condoms would make them acknowledge this as a possibility. This description of denial of risk fostering risky sexual behavior is confirmed by other research that has demonstrated an association between risky sex and avoidant coping among homeless women [38] as well as men who have sex with men [69] . These findings suggest that an important ingredient in the engagement of risky sex behavior while understanding the potential consequences is that individuals actively avoid thinking about the connection between their behavior and risk. Our analysis did not support our hypothesis that women who received substantial tangible support from their All models control for women's race/ethnicity, age, education, employment status, and whether pregnant or tried to become pregnant in past 6 months. Additional models were run to test for associations between type of recruitment site and the dependent variable and there were no significant changes to the findings. Bolding indicates significance at the 95% confidence level partners would be more likely to engage in unprotected sex, which confirmed the findings of previous research [39] . We also found no support for our hypotheses that women engaged in unprotected sex with partners because of the combination of sex and alcohol and/or drug use. Our analysis did confirm our hypothesis that physical violence in a relationship is associated with unprotected sex and supports earlier research on the association between violence and condom use [30, 33, 38] . We did not find a significant association of psychological abuse alone (i.e. in the absence of physical abuse) with unprotected sex, indicating an important link between physical violence and condom use. We did not find support for our hypothesis that there would be a significant association between women's self reported ability to refuse sex with a particular partner and unprotected sex with the partner. Violence may be an important factor in unprotected sex for homeless women but the association goes beyond an association between condom use and coercive sex due to violence or economic vulnerability. A broader understanding of these women's relationship dynamics within the context of their lives as homeless women is important to better understand the association between violence, risky sexual behavior, and avoidant coping. Although the association between risky behavior and avoidant coping is not unique to homeless women, there are aspects of their lives that may make this association particularly strong. In addition to living with extreme poverty, homeless women also have more problems with drugs and alcohol than other women, including women with low incomes but who are not homeless [70] . Homeless women are also more likely to be victimized by physical and sexual violence, and there is greater likelihood of cooccurrence among HIV risk behavior, substance use and disorder, and violence among homeless women than among low-income housed women [9] . Analysis of women's descriptions of their experiences with substance use and mental illness suggest that many homeless women may be dealing with post-traumatic stress disorder (PTSD) [71] , which, for some, may be a common link to their diverse array of problems. Avoidant coping is likely to be common for homeless women because it is a means of dealing with stressful situations such as violence, extreme poverty, homelessness, and substance addiction [38] as well as a common symptom of PTSD [72] .
Homeless women's problems with violence often extend beyond their current circumstances. A large number of homeless women also report experience with emotional, physical, or sexual abuse as children [73, 74] . This experience with childhood sexual abuse is linked to a variety of enduring lifelong problems for homeless and low income women, such as mental health problems, substance abuse, and chronic homelessness [75, 76] . Other studies have shown that impoverished women who experience childhood sexual abuse tend to develop an avoidant coping style, which may seem helpful in dealing with stress in the short term but is maladaptive in the long term [77, 78] . Women who experience sexual abuse, low social support and high conflict in their early home lives and develop an avoidant coping style are likely to experience depression and difficulty developing healthy relationships, which lead to increased likelihood of further victimization [78] [79] [80] .
Childhood experiences with abuse often have long lasting effects on their adult romantic relationships through the development of anxious attachment styles [78, 81] . Anxious attachment styles have been shown to be linked to increased risky sexual behavior. In one study of attachment styles and unprotected sex, Feeney et al. [82] found that an anxious romantic attachment style predicted lower rates of condom use. They concluded that having an anxious/ ambivalent attachment style may lead individuals to ''give in'' to wishes of partners out of fear of losing their relationships and they may fear speaking about HIV because it would hurt or possibly end their relationships. Attachment researchers have found that individuals with this style of attachment have intense desires for extreme closeness with their partners, have negative views of themselves, are insecure about being unloved and fear being abandoned by relationship partners [81] . Those who have secure attachment styles are able to communicate more effectively about condom use and safe sex because of their decreased fear of abandonment and greater conflict resolution skills.
The relationship between attachment style and unprotected sex suggests that including a focus on fostering improved romantic relationships in HIV prevention interventions may be a key to fostering greater rates of protected sex among homeless women [83] . Relationship based HIV interventions are relatively new but some have demonstrated successful behavior change with women in heterosexual relationships up to 12 months after initial intervention [84] . However, relationship focused interventions also have risks because, as our analysis shows, abuse within a relationship is also a predictor of unprotected sex. This fact complicates intervention designs that focus on having both members of a partner involved in the intervention together. Some women may not be able to include their partner in an intervention out of fear that their partner may react violently. However, the intervention described by El-Bassel et al. [84] , which addressed relationship factors that acted as barriers to condom use, was successful if the women received the intervention alone or with a partner. This suggests that there is potential for successful relationship-based interventions for homeless women who engage in unprotected sex with risky partners. Interventions that have been developed for homed women and that have been successful with that population may need to be adapted to meet the needs of homeless women, including sensitivity to the day-to-day risks and hassles unique to a homeless existence [9] . These interventions may also need to incorporate techniques that have been shown to be successful at resolving experiences with childhood sexual abuse that may continue to affect the adult relationships of women who have been abused [80] .
Besides the increased likelihood of experience with victimization, mental illness, and substance abuse, structural factors that limit homeless women's options for romantic partners may require that relationship-based interventions be extensively modified to meet those unique circumstances of homeless women. For example, homeless women and other women living in extreme poverty may be faced with the need to survive from income earned through sexual relationships. These need-based relationships are likely to affect women's options for non-need-based romantic relationships. In addition, homeless women are likely to be limited to romantic partners who are also dealing with the challenges of extreme poverty and incarceration. Dealing with shared financial problems and challenges related to incarceration should be an important component of a relationship-based intervention with homeless women. This is likely to be especially important for women of color because drug policies mandating harsh sentences for drug related offenses have disproportionately affected African American women and men [85] . Incarceration exposes individuals to risky behaviors, such as unprotected sex and injection drug use, and has long term effects on HIV risk through increased economic vulnerability due to reduced earning potential. Incarceration also changes in relationship with family, social network, and sexual relationships by increasing network ties to risky individuals while weakening family and romantic relationships. These structural factors are likely to be pervasive in the lives of homeless women and interventions that aim to help them reduce exposure to HIV risk in their sexual relationships would need to address these factors directly.
Our study also indicates the need for a better understanding of the social network context of unprotected sex. We confirmed our hypothesis that greater discussion of HIV among a woman and the alters in her personal network would be negatively associated with unprotected sex. This confirms earlier research demonstrating the association between lack of communication about safe sex and HIV and unprotected sex [26] . However, we did not find support for the hypothesis that high density among network alters and normative unprotected sex among network alters would be related to unprotected sex among women. It is possible that the direction of causation between discussion of HIV among a woman and her alters and unprotected sex is reversed; that is, perhaps those women who engage in unprotected sex not only avoid thinking about the consequences of their risky behavior but also avoid discussing HIV among friends and family. It might be possible to affect risky sexual behavior through greater discussion among network members about the risks of HIV if this discussion leads to greater consideration of the effects of risky behavior. However, as discussed earlier, the desire to maintain a relationship may be too strong to overcome and attempts to counteract active denial of the risks of HIV through network based intervention might be futile.
Several notable study limitations should be mentioned. The primary limitation is the cross-sectional nature of the data collection design, which precludes us from drawing firm conclusions regarding the determinants of unprotected sex among homeless women. Another limitation is that the study relied exclusively on women's self-reports of their sexual behavior, as well as partner and relationship characteristics. Collecting comparable data from the male partners, although outside the scope of this study, would have allowed us to examine the extent to which womenreport and partner-reported data yielded similar findings. Further, it is important to keep in mind that the network data reflect women's perceptions of the composition and structure of their network. For example, women's perceptions of whether a network member engages in risky sex may not accurately reflect this network member's actual behavior; however, it is likely that women's perceptions have a stronger impact on their own sexual behavior than what the network members actually do in private. Another limitation is that the study excluded non-English speaking respondents. Homeless women in Los Angeles who do not speak English may have individual, social network, or relationship characteristics that are associated with unprotected sex in different ways than English speaking women. Because of this limitation, we do not know how well the findings from this study match the experiences of nonEnglish speaking homeless women. However, the percentage of women approached for interviews who did not meet the language requirement was less than 2%. Women who speak only Spanish or some other non-English language may not use temporary housing services as much as English speaking homeless women in Los Angeles.
Despite these limitations, there are several notable strengths of our study. Analyses were conducted with a sizable probability sample of homeless women, thus allowing us to generalize results to a population of homeless women in the large urban setting of Los Angeles. Our study found that there are multiple factors at play resulting in unprotected sex among homeless women. We found that unprotected sex is related to characteristics of relationships, individual attitudes, and interactions among members of personal networks. Our study improves on previous work that has explored these same issues because of our use of both personal network data collection and multi-level model analysis. This is the first study to incorporate relationship characteristics, partner characteristics, personal network characteristics and personal characteristics into one model predicting condom use by a highly vulnerable population. This approach was necessary to capture the multi-dimensional influences on risky sexual behavior of homeless women. Our findings demonstrate the multi-faceted context of HIV risk for impoverished women and indicate that interventions and services should also be multi-faceted and comprehensive [38] . Interventions that focus on one factor at a time or ignore personal relationships are likely to have limited success at influencing safer sexual behavior or may lead to additional problems in the lives of homeless women, such as increased risk for violence.
